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Pseudomonas aeruginosa is a significant pathogen, usually 
in the context of serious disease. It  is also a major cause 
of nosocomial infection, and is characteristically prone 
to antimicrobial resistance. Epidemiologic issues are of 
great interest [ l]  but often difficult to resolve because 
of the ubiquitous nature of I? aeruginosa in the environ- 
ment and its frequency as a commensal organism in 
humans and animals. 
Typing systems based on phenotypic characteristics 
have been used extensively to trace the routes of in- 
fections within hospitals. Conventional methods like 
serospecificity of the lipopolysaccharide (LPS) for 
smooth strains [2],  susceptibility to antimicrobial agents 
and phages [3] and pyocin typing [4] have merits and 
limitations. Electrophoretic methods have been proved 
to be more discriminatory for epidemiologic typing of 
different organisms [2,4]. In particular, ribotyping has 
been found to be increasingly useful for molecular 
identification [5] and also for discrimination between 
bacterial isolates [6,7]. We used ribotyping, plasmid 
DNA analysis and sodium dodecyl sulfate-polyacryl- 
amide gel electrophoresis (SDS-PAGE) to determine 
whether the electrophoretic patterns of rRNA, plasmid 
DNA, LPS or whole cell protein (WCP) are suffi- 
ciently distinct to be used to differentiate between 
various strains, comparing these results with those of 
serotyping and antibiotic susceptibility. 
Fifty I? aeruginosa strains were isolated from blood 
(3),  wound (8) ,  urine (36) and tracheal aspirate (3) 
cultures from 50 different patients hospitalized in a 
university hospital of southwestern Greece. All patients 
had symptoms and signs of underlying infection of the 
system involved, and the cultures were taken during the 
standard diagnostic procedure. 
Serotyping was performed by agglutination test with 
commercial antisera (Diagnostic Pasteur, France) accord- 
ing to the International Antigenic Typing System [8] .  
Antibiotic susceptibility testing using 11 antimicrobial 
agents was performed by Kirby-Bauer disk diffusion 
[9]. The antibiotics used were: amikacin, netilmicin, 
tobramycin, gentamicin, cefoperazone, ceftazidime, 
carbenicillin, piperacillin, ciprofloxacin, imipenem and 
aztreonani. WCP and LPS were obtained as previously 
described [ 10,111. Both were separated by SDS-PAGE 
electrophoresis on 10% acrylamide gel. Plasmid DNA 
was extracted by a mini-prep method [12], digested by 
EcoRI and electrophorized onto 0.7%) agarose gel. 
Bacterial DNA was extracted as described by Martinetti 
and Atwegg [13] and digested by HindIII, and the 
fragments were separated by electrophoresis. The gels 
were blotted on nylon membranes and hybridized 
with an a-[32P]ATP-labeled rDNA probe derived from 
pKK-3535 plasmid (a gift from Professor F. Kayser, 
University of Zurich). Plasmid pKK3535 is a pBR322 
derivative containing the rrnB rDNA operon of 
Eschericliia coli encoding 5S, 16s and 23s rRNAs. DNA 
patterns were analyzed on a McIntosh 8E/30 with 
Super Paint 2.0. Each different banding pattern thus 
derived was considered to be a ribotype and given a 
designation. 
O f  the phenotype-based methods, serotyping 
was the most effective, since non-typeable or poly- 
agglutinated strains were not detected. A variety of 
serotypes was revealed (Table l), with the predominant 
012, 06 and 03 serotypes representing 20%, 14% and 
10% of total isolates. Serotypes 012, 06 and 03 could 
be considered endemic (each present in more than 10% 
of strains). 
Although antimicrobial susceptibility patterns varied 
substantially between isolates, gross discrimination 
according to the antibiotic susceptibility pattern grouped 
them into three major categories: (A) multiresistant 
strains-strains which were resistant to at  least eight of 
the 11 antibiotics used; (B) resistant-trains resistant 
to at least three of the 11 antibiotics used; and (C) 
susceptible-strains resistant to less than three anti- 
biotics. Eleven of the 50 strains fell into category A, 20 
strains fell into category B, and the remaining 21 strains 
Table 1 Serotype profile of 50 P aeruginosa isolates 
Serotype No. of strains Percentage 
0 1 2  10 2 0 
0 6 7 I 4  
01 J 10 
0 1 1  4 8 
0 7  4 8 
0 1 0 1 8 
0 1  1 8 
0 5 4 8 
0 1 6  2 4 
0 9  2 4 
0 2 a  1 - 3
0 8  1 - 7
0 1 5  1 - 7
0 4 1 2 
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were placed in categary C. With the exception of 
serotype 01 2, where all the multiresistant strains 
belonged, no further correlation was found between 
serotype and susceptibility pattern. 
To further discriminate between strains belonging 
to the same serotype we used LPS and W C P  profile 
analysis. LPS profiles were unable to subtype strains 
belonging to the same serotype, especially the multi- 
resistant 012 strains. Very little correlation was apparent 
between LPS profile and resistance to antibiotics, 
although the overall assenibly of the outer-membrane 
proteins and LPS determines surface properties such as 
serotype and susceptibility to antibiotics. 
WCP profiles were of low discriminatory power 
because of the complexity of the pattern (more than 50 
bands) and the lack of reproducibility. 
From DNA-based methods (plasmid DNA analysis, 
chromosomal DNA fingerprinting and rDNA typing), 
other investigators have successfully used the plasmid 
profile to distinguish between strains belonging to the 
same serotype or classify strains of similar antibiotic 
susceptibility [14]. In our case all the strains contained 
one large plasmid (23 kb) which was not able to be 
hrther characterized by restriction enzyme analysis. 
Kibotyping is one of the novel approaches which 
has recently been developed for P aeruginosa strains. 
The discriminatory power of ribosomal DNA analysis 
in I? aeruginosa strains depends on the restriction enzyme 
used. PWII has been proved to be the most effective 
enzyme, producing 15 [15] and 29 [16] different 
patterns, while BclII produced three different ribotypes 
[15]. In the present study, by the use ofHindII1 we were 
able to further characterize multiresistant strains of the 
same 0 1 2  serotype and subgroup strains belonging to 
the 0 3  and 0 6  serotypes. 
We used 20 multiresistant strains, 10 belonging to 
serotype 0 1 2 ,  seven to serotype 0 6  and three to sero- 
type 03. All strains were grouped into three different 
patterns, A, B and C (Figure 1). Six of the 10 0 1 2  
strains fell in pattern A, three in pattern B, and one in 
pattern C. Strains belonging to the 0 6  and 0 3  sero- 
types were grouped in pattern A. Our results suggest 
that ribotyping can further discriminate resistant strains 
of the same serotype. 
Combination of methods such as serotyping, used 
as a primary screening, and another method based on 
phenotyping markers for additional discrimination, has 
been applied for the epidemiologic characterization of 
I? aeruginosa strains [ 171. 
In this study, the frequency of occurrence of indi- 
vidual types of I? aeruginosa in clinical specimens has 
varied with the country of investigation and the source 
of isolates, coupled with the fact that 8% of strains 
are polyagglutinated. Our results showed no poly- 
MM 
23.1 + I 
9.44 - 
4.4- - 
A B 
2.04 - 
Figure 1 Ribotyping of 10 P aerugirtosa 0 1 2  strains. Lanes 
A, B and C: three distinct ribotypes drawn from original 
autoradographs after Southern blotting and hybridization 
with the rDNA probe. Lane MM: molecular weight 
markers. 
agglutinable strains but clustering of P aeruginosa strains 
in three serogroups, 0 1 2 ,  0 6  and 03 .  Simdar results 
were reported by other investigators [lo]. The clus- 
tering of strains in one serotypt limits the value of 
serotyping as an epidemiologic marker. Antimicrobial 
susceptibility patterns can provide a useful tool for 
primary discrimination, but with low specificity (17). 
LPS and WCP profiles have not been proven to have 
more discriminatory power. 
Our  results confirm previoiis data reported by 
other investigators [10,18]. Ribotyping has been 
proven by many investigators to have several advantages 
over other DNA-based typing methods. It is more 
accurate, has increased reliability and, most importantly, 
can be used with non-radioactive materials [19] 
(although in our case not available), which makes it 
applicable in the clinical laboratory. By using Hind111 
in this study, although the reproducibility was loo%, we 
got a relatively low number of different ribotypes. 
Interestingly, the highly resistant strains belonging to 
the 0 1 2  serotype were effectively discriminated into 
subgroups. Other investigators using a variety of 
enzymes and their combinations were unable to further 
discriminate between 0 1 2  strains [18]. The occurrence 
and spread of a unique clone of P aeruginosa 0 1 2  has 
already been noticed for other European isolates 
[11,18]. In our case the genotypic homogeneity of 
nosocomial I? aeruginosa 0 1 2  strains has not been 
proven, making ribotyping by the use of EcoRI a more 
powerfiul tool for the epidemiologic investigation of 
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I? oerugiriora infections. The use of other enzymes in 
combination with EroRI could be more effective, 
giving more subtypes in strains belonging to the same 
serotype. 
Our data suggest that serotypirig and ribotyping 
provide powerful modalities for I! aertrginosa epidemio- 
logy. given the patient population and the predominance 
of 0 1 2  resistant strains in our hospital. 
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Acinefobacter baumannii outbreak in an orthopedic ward: 
analysis of strain relatedness by RAPD and quantitative 
anti biogram techniques 
Clin Microbial In f i r t  1998; 4: 368-371 
Over a 6-week period, I 0  patients who were hospital- 
ized in an orthopedic ward developed ‘in AcinrtoDurtcr 
bnrrrnarirrii infection. Most infections involved the 
operation site, and microbial isolates were generally 
obtained from surgical specimens. Nineteen clinical 
isolates were collected from the 10 patients. All patients 
but one were hospitalized in the septic units of this 
ward, two patients in septic unit 1 and seven in septic 
unit 2,  and all these patients had overlapping stays 
(Figure 1). The two septic units are physically linked 
and covered by the same nurses during the night. In 
contrast, the non-septic unit is distant and does not 
share any nurse staff with the septic units. 
Any hospitalized patient who underwent ortho- 
pedic surgery during the study period, and who had a t  
least one sample positive for A .  bauriianrrii, was included 
in this study. Controls were patients who were hospital- 
ized in the orthopedic ward for surgery during the 
same period, and for whom no sample was positive 
